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This chapter outlines a set of environmental, social, and economic indicators that can be
used to assess the achievement of the LaMP vision, goals and objectives.  The chapter
also describes a monitoring assessment project that analyzes the ability to measure
indicators in the Lake Michigan basin.  These indicators will allow Lake Michigan
stakeholders to better gauge the status of the Lake Michigan ecosystem and guide the
selection of management activities that will restore and protect the health of the system.

The list of Lake Michigan indicators included in this chapter is provided to help generate
discussion and is based on previous work completed in support of the State of the Lakes
Ecosystem Conferences (SOLEC), the International Joint Commission, Fish Community
Objectives, the Great Lakes Fishery Commission, and others.  

Environmental indicators are a measure of environmental condition such as ecological
integrity, aquatic health, human health, or quality of life.  Environmental indicators are a
useful tool for identifying pressures on the ecosystem, the state of the environment due
to these pressures, and the response or action taken by environmental agencies or other
parties to address the environmental conditions and pressures.
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Chapter 3:
Indicators and Monitoring of the Health of the
Lake Michigan Ecosystem 

3.1 About This Chapter
In the preceding chapters of this LaMP, the vision, objectives, and goals for the Lake Michigan
ecosystem were defined.  This chapter outlines a set of environmental, social, and economic measures
that can be used to assess the achievement of those goals and objectives and discusses monitoring
programs in the Lake Michigan basin.  These measures, or indicators, will allow Lake Michigan
stakeholders to better gauge the status of the Lake Michigan ecosystem and guide the selection of
management activities that will restore and protect the health of the system.

The list of Lake Michigan indicators included in Table 3-1 of this chapter is provided to help generate
discussion and ultimately achieve consensus about which environmental indicators should be monitored
and reported in order to measure progress toward the vision and goals of the Lake Michigan LaMP,
which includes the directive “. . . to restore and maintain the chemical, physical, and biological integrity
of the waters of the Lake Michigan Ecosystem."   This list of indicators is based on previous work
completed in support of the State of the Lakes Ecosystem Conferences (SOLEC), the International Joint
Commission, Fish Community Objectives, and others.  

While some information and data are being collected to assess these indicators, most of these proposed
indicators are yet to be fully characterized.  Some of the indicator data and information collected to date
are presented in Chapters 4 and 5.  However, much work remains to apply these indicators in a way that
will support Lake Michigan ecosystem management.

3.2 Environmental Indicators

The use of environmental indicators is not a new concept and has been recognized as a valuable tool
needed to assist in the establishment of management recommendations.  Environmental indicators are
also a means to track both environmental improvement and environmental protection of the Lake
Michigan ecosystem.  State and federal agencies have tracked trends in certain environmental measures
over time, such as fish populations.  What has changed in the environmental indicator process is the
growing need to link actual environmental condition responses directly to programs and other activities
as defined and set forth by the Lake Michigan LaMP.

Environmental indicators are a measure of environmental condition such as ecological integrity, aquatic
health, human health, or quality of life.  Environmental indicators can measure trends over time in
changes or nonchanges in environmental and ecological conditions.  Environmental indicators can
function as an early warning signal for identifying environmental concerns, and they are a valuable tool
for measuring progress towards achieving of identified environmental goals.  When properly developed
and utilized, environmental indicators will affect improvements in environmental conditions, with clear
linkages showing the effectiveness of programs or other activities to successfully control environmental
stressors.

Environmental indicators are a useful tool for identifying pressures on the ecosystem, the state of the
environment due to these pressures, and the response or action taken by environmental agencies or other
parties to address the environmental conditions and pressures.  This “Pressure-State-Response” approach
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is also the organizing framework used by the National Goals Project, the State Environmental Goals and
Indicators Project, the Interagency Sustainable Development Indicators Workgroup, and Region 5/State
Watershed Indicators Development Workgroup.  Regardless of how the Pressure-State-Response
approach is organized, in order to be successful, it is absolutely necessary to select indicators that are
measurable, can be monitored, and that link the pressures with the environmental conditions.  Otherwise,
it will be difficult or impossible to tell whether the changes in environmental trends are due to program
activities or something else.

The key to picking and tracking sound and scientifically identifiable environmental indicators is to have
clearly identifiable goals.  As outlined in Chapter 2, The Lake Michigan LaMP has identified one main
goal with 11 supporting subgoals.  The first six subgoals have been identified as endpoints or the ultimate
state to be achieved in the Lake Michigan ecosystem.  Subgoals 7 through 11 are identified as means to
achieving the first six subgoals.  These subgoals must function together to define the full ecosystem state. 
By developing an appropriate mix of environmental indicators and performance measures, one can better
evaluate environmental conditions, identify existing and emerging environmental problems, set
environmental priorities, make program specific decisions and address the highest priorities.  Tracking
trends in environmental indicators can serve as a means of communicating environmental successes or
failures to the public and stakeholders and can serve as a tool for identifying remaining or new
challenges.  The environmental indicator process is as dynamic as the lake itself, and a part of the
implementation of the Lake Michigan LaMP may require that new indicators be developed over time.

A defined framework for the development and selection of environmental indicators will provide a
common reference point for basin management and monitoring efforts.  The Lake Michigan LaMP has
followed the guidelines set forth in the EPA guidance document titled “Region 5 Guide for Developing
Environmental Goals, Milestones, and Indicators” (See Appendix H).   In conjunction with this guidance,
the Lake Michigan LaMP has incorporated environmental indicators developed by SOLEC.  In 1998,
SOLEC developed a set of environmental indicators for the Great Lakes Basin.  These environmental
indicators are still undergoing refinement following public input.  The Lake Michigan LaMP is adopting
the eight defined areas as presented by SOLEC.  These areas are Nearshore Waters, Open Waters,
Coastal Wetlands, Nearshore Terrestrial, Human Health, Land Use, Societal Indicators, and Unbounded.  
Using the most recent SOLEC list of environmental indicators, Table 3-1 relates the SOLEC indicators to
the 11 subgoals set forth by the Lake Michigan LaMP.  Work will continue in the next 2 years to identify
and select these or other environmental indicators that are specific to Lake Michigan’s 11 subgoals at the
appropriate scale. Once selected, the indicators will be linked to specific human activities and LaMP
management actions to establish the pressure-state-response linkage needed to track progress in
implementing environmental management programs. Place holders for the LaMP measurement actions
are included in Table 3-1.  The indicator–subgoal matrix as set forth in the chart will be used for future
additions.   
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3.3 Monitoring in the Lake Michigan Basin

If the indicators outlined in the preceding section are to provide information to support future
management decision-making, they must be adopted by Lake Michigan monitoring programs and guide
the selection of parameters and media to be sampled and assessed.  Numerous monitoring programs and
activities are underway in the Lake Michigan basin.  These programs monitor water quality, sediments,
fish, air quality, and habitat.  They involve collecting chemical, microbiological, fish and wildlife,
physical characteristics, land use, and other environmental data. These programs exist at the federal,
state, county, municipal, and watershed level.  

The Lake Michigan Monitoring Coordination Council (LMMCC) was established jointly by federal,
state, and tribal agencies to provide a forum for coordinating and supporting monitoring activities in the
Lake Michigan basin and to develop a shared resource of information, based on accepted standards and
protocols, that is useable across agency and jurisdictional boundaries.  The LMMCC is currently
analyzing data collected from an inventory of monitoring programs in the Lake Michigan basin. 

This work is being supported through a cooperative agreement with the Great Lakes Commission, EPA
Region 5, and other partners involved in the Lake Michigan LaMP process to assess existing monitoring
efforts in the Lake Michigan basin and subwatersheds, including the 10 AOCs and four other tributary
watersheds.  The project will include a comprehensive review of monitoring programs at the federal,
state, and local levels for the targeted watersheds; an analysis of gaps, inconsistencies, and unmet needs;
an assessment of the adequacy of existing efforts to support critical ecosystem indicators; and a plan for
addressing major monitoring needs, particularly those considered most important for lakewide
management decision-making.  The report will also be used to train members of the Lake Michigan
Forum, Public Advisory Councils, and other stakeholders to determine current, local monitoring efforts
and establish community-based monitoring programs.  

The project and report are consistent with the ecosystem approach of the LaMPs and RAPs especially
with regard to emphasis on community involvement and participation.  Monitoring will be viewed in the
broadest sense, including not only traditional water quality parameters, but also habitat, wildlife, land
use, nonpoint source pollution and other measures of ecosystem health. The report and future project
outcomes are expected to provide stakeholders with important tools for developing RAPs and will enable
them to engage their community in a valuable dialogue regarding the status of knowledge on their local
watershed.  Working closely with the states and tribes, stakeholders will benefit from the exchange of
information and the opportunity to enhance local participation in state-sponsored monitoring programs. 
Finally, the project is fully consistent with the EPA Region 5 emphasis on community-based
environmental protection and will comply with the Government Performance and Review Act.

One of the main purposes of the LMMCC project is to determine whether the current monitoring
coverage is sufficient to support indicators proposed in the Lake Michigan LaMP.  The findings and
understanding gained through this project will be applied to each of the indicators, and a simple
assessment will be made of each.  The findings will include a list of each relevant open water, near shore,
human health, land use, and coastal wetlands indicator, with a rating of the ability of the current
monitoring infrastructure to provide sufficient data to assess the indicator.  The project results will be
released in the summer of 2000.
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Mass Balance Approach

The questions confronting managers responsible for the Great Lakes are complex and regulatory action
(or inaction) may have major social and economic consequences.  It has become evident that rational
approaches must be found to: address the issues; more clearly identify and quantify problems; locate and
quantify sources of important chemicals; quantify rates of principal physical, chemical, and biological
processes that control behavior of chemicals in the environment; and predict future conditions under
alternative remedial actions to arrive at optimal programs.  To help manage environmental quality and
solve existing problems, a scientifically-based management framework has been implemented and
prototyped within the Great Lakes community of managers and scientists referred to as the “Mass
Balance Approach.”  EPA, led by the Great Lakes National Program Office (GLNPO), conducted and
intensive study of Green Bay (Lake Michigan), the Green Bay Mass Balance Study. 

The Green Bay Mass Balance Study was conducted as a pilot study to test the feasibility of using a mass
balance approach for the assessment of sources and fates of toxic pollutants in the Great Lakes
ecosystem.  It was intended to validate and refine monitoring and analytical assumptions made by the
coordinating agencies, and to rigorously test the models.  Specific objectives included:

1.  Assessing the technical and economic feasibility of the mass balance approach for use in the
management of pollutant loadings and impacts on Great Lakes ecosystems.

2.  Calibrating the mass balance model for sources, transport routes, and fates of pollutants in the
Great Lakes ecosystem.

3.  Identifying the major sources of selected pollutants entering the Green Bay ecosystem and
rank their relative significance.

4.  Demonstrating methods and priorities for further studies of toxic pollutants in the Great
Lakes.

The Office of Research and Development played an important role in this study and provided leadership
and resources for several aspects, most importantly in leading the development of the scientific tools,
including mathematical models, to assess the data and develop forecasts of expected water, sediment and
food web concentrations under alternative courses of action.

Lake Michigan Mass Balance Study

The mass balance approach, demonstrated in the Green Bay Mass Balance Study, provided a consistent
framework for integrating load estimates, ambient monitoring data, process research efforts, and
modeling, leading to the development of scientifically credible, predictive cause-effect tools.  Building
on the experience of this project, the EPA GLNPO initiated a mass balance approach, the Lake Michigan
Mass Balance Project (LMMB), to provide a coherent, ecosystem-based evaluation of toxics in all of
Lake Michigan. The primary goal of the LMMB study was to develop a sound, scientific base of
information to guide future toxics load reduction efforts for Lake Michigan at the state and federal levels. 
The LMMB study is discussed further in Chapter 5. 

Monitoring Information
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The mass balance project was based on the Enhanced Monitoring Program, a comprehensive, 1.6-year
synoptic survey for selected toxic chemicals in the Lake Michigan ecosystem.  In support of the mass
balance study, the Environmental Research Laboratory Duluth Large Lakes Research Station in
cooperation with the Atmospheric Research and Exposure Assessment Laboratory, the U.S. National
Oceanic and Atmospheric Administration Great Lakes Environmental Research Laboratory, and other
cooperations, developed a suite of integrated mass balance models to simulate the transport, fate and
bioaccumulation of toxic chemicals in Lake Michigan.

Field sampling for the project covered the period from April, 1994 through October, 1995, and included
the following:

Tributaries - eleven Lake Michigan tributaries were monitored intensively to determine the loads of the
subject compounds to the lake.  Sampling frequency varied from 12 to 45 samples per tributary in a year
long period.

Atmosphere - nine sites were monitored to determine atmospheric loads to Lake Michigan.  Additional
field activities, part of the Great Waters Study, provided data to help determine the net atmospheric load. 
Additional atmospheric samples were taken during each Lake Guardian survey.

Sediment - one hundred and thirty-one sediment sampling sites ere targeted for sampling, with the
majority in sediment depositional zones.  Surface sediment segments from box core samples were
analyzed for contaminants to determine the sediment contaminant inventory (available for resuspension
and contaminant release to the water column).  Additional studies will determine contaminants in
sediment trap materials, and erodibility of sediment (resuspension).

In summary, over 38,000 samples were collected with more than 1 million result data points.  The results
of this effort are presented in Chapter 5: Lake Michigan Stressor Sources and Loads, but, it is only the
beginning.  The effective use of the mass balance tool will require coordinated and continued monitoring
on a basin-wide scale, thus the importance of the LMMCC and the actions presented in Chapter 6 to
support its mission.

Table 3-2 provides an illustration of more detailed indicators that may be developed as this process
evolves.  The Great Lakes Fishery Commission developed Table 3-2 to illustrate the type of specific
information that could be collected to monitor and assess portions of the Lake Michigan ecosystem.
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